The present study examined epenthetic vowels produced by Korean learners of English in read sentences, in terms of acoustic measures and extra-phonological factors. The results demonstrated three main findings. First, epenthetic vowels had relatively high F1 values and a wide range of F2 values. Most of the epenthetic vowels were inserted near Korean high central vowels, but some vowels were inserted near front vowels due to co-articulation with surrounding vowels. Second, vowel epenthesis was affected by the context. The results showed that the epenthesis was frequently seen with word junctions between obstruents (e.g., stops-fricatives). Third, Korean learners were not affected by English background and were very weakly affected by orthography. English experience, which is one of the extra-phonological factors, was not related to epenthesis production. However, orthography, the other extra-phonological factor, very weakly affected the amount of epenthesis production. Nine percent of all epenthesis production was affected by the English past-tense suffix '-ed'; approximately 70% of the participants were affected by this suffix. The findings of the present study contributed to understanding vowel epenthesis. First, the study revealed that the epenthetic vowels produced by Korean learners of English were close to the high central vowel, supporting previous studies that the epenthetic vowel is quite close to the shortest vowel. Second, the study examined the various phonetic environments of epenthetic vowels, revealing that vowel epenthesis occurred more frequently in a certain phonetic circumstance.
Introduction
Adult Korean speakers have many difficulties learning English segments and prosody. For example, they need to learn additional categories for English because Korean has only eight vowels (e.g., Han, 1999) . They also sometimes insert an epenthetic vowel when perceiving and producing English consonant clusters (e.g., Kabak and Idsardi, 2003) as Korean does not have consonant clusters.
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The goal of this study was to investigate the acoustic characteristics of epenthetic vowels and the environment of epenthesis production. The present study examined the acoustic characteristics of 1505 epenthetic vowels to see whether an epenthetic vowel is closest to the shortest Korean vowel, as previous studies have shown (Kim & Kochetov, 2011) . Previous studies have shown that the shortest vowel is chosen for epenthesis (Pitt, 1998; Monahan et al., 2008; Dupoux et al., 2011) . For example, Japanese speakers tended to insert the shortest or lightest vowel among their native vowels, which is /u/. Monahan et al. (2008) investigated 16 Japanese speakers to see whether they perceptually insert equal epenthetic vowels or change the epenthetic vowels in terms of phonetic circumstance.
They prepared the target words with a coronal consonant (e.g., /etoma/, /etuma/ and /etma/), velar consonant (/ekoma/, /ekuma/ and /ekma/) and bilabial nasal consonant (e.g., /emoma/, /emuma/ and /emma/). The results showed that Japanese speakers did not perceptually insert the /o/ vowel in any condition, suggesting that /o/ cannot be an epenthetic vowel for Japanese speakers.
However, they perceptually inserted the /u/ and /i/ vowel, demonstrating that the short vowels, which are a high vowel in Japanese, were used for the epenthetic vowel because high vowels in Japanese are easily devoiced.
In terms of Korean studies, previous studies have shown that the /ɨ/ vowel is the shortest vowel among Korean vowels (Koo, 1998) , and epenthetic vowels spoken by Korean learners of English are closest to the /ɨ/ vowel (Kim & Kochetov, 2011) .
For example, Koo (1998) (Kim & Kochetov, 2011) .
Previous studies have shown that vowel epenthesis can be different in terms of context, such as preceding or following consonants (Kang, 2003; Kim, 2009; Kim & Kochetov, 2011; Ahn, 2012) . For example, Kang (2003) phonologically revealed that the likelihood of epenthetic vowel placement varies due to the tenseness of a non-adjacent preceding vowel, as well as place and voicing of the preceding consonants. After completing a phonological analysis, the results suggested that the count of vowel epenthesis was different, showing that only 28% of epenthetic vowels were found after lax vowels, whereas 89% occurred after tense vowels. The count was also different in accordance with the place of articulation. Epenthetic vowels were likely to occur after coronal stops (72%), dorsal stops (34%) and labial stops (21%). Compared with voiceless stops (29%), vowel epenthesis more frequently occurred after the voiced stops (88%).
The study concluded that vowel epenthesis occurs to enhance 'perceptual similarity' between Korean and English. (Kabak & Idsardi, 2007) , or in other contexts such as coda position or between words.
Extra-phonological factors such as English experience were examined because they might be related to vowel epenthesis, as previous studies have shown (Lee, 2009; Masuda & Arai, 2010) .
For example, Lee (2009) The relationship between the amount of epenthesis and
English experience, such as the length of time learning English and living in an English-speaking country, was investigated through questionnaires to see whether those factors affected epenthesis production. All subjects completed the questionnaire.
The present study did not consider the scores of an English proficiency test because most tests tend to focus on measuring English grammar or reading comprehension.
Previous studies have shown that orthography can affect speech perception (Grainger et al., 2001 ) and vowel epenthesis (Vendelin & Peperkamp, 2006; Detey & Nespoulous, 2008 because the past-tense suffix '-ed' orthographically contains the letter < e >. To measure this effect, the count of epenthesis related to '-ed' was counted, and the proportion of this epenthesis was calculated.
In summary, the aim of this study is to investigate the acoustic characteristics and contexts of epenthetic vowels 
Methods

Subjects
Thirty-six Korean learners of English completed the experiment. All subjects were collected from London, United
Kingdom. Two subjects were Kyungsang dialect speakers and the rest of subjects were Seoul dialect speakers. Their ages ranged from 20 to 41 years (median = 25.5 years). Subjects reported that they had lived in an English-speaking country for 2 months to more than 10 years (median = 10 months). They reported that they started learning English from the age of 11 to 30 years old (median = 15 years old). None of the subjects reported any hearing disorders.
F1, F2 and vowel duration of epenthetic vowels were measured. The vowels shorter than 40ms were not considered as an epenthetic vowel because previous study showed that the mean duration of vocoid sounds was about 40ms and they were distinguished from epenthetic vowels (Shaw & Davidson, 2011) .
The vocoid sounds shorter than 40ms was less than 8% of total epenthetic vowels. Furthermore, the vowels without clear F1 and F2 patterns were not considered as epenthetic vowel even though the duration was over 40ms.
All acoustic cues (F1, F2 and vowel duration) were acoustically measured by Praat. A waveform was used to label the epenthetic vowels. The beginning of the epenthetic vowel was the point of the first movement of waveform and the end was the point of the last movement of the waveform. In the case of the F1 and F2, the formant value of F1 and F2 at the middle of the epenthetic vowel were measured. For clarity, two phonetically trained phoneticians were examined each epenthetic vowel.
Procedure
Sixty-one BKB (Bench et al., 1979) sentences with different types of context questions were prepared, and the subjects were asked to read the sentences in terms of the given questions.
Each question and BKB sentence was displayed on a computer monitor one at a time. Before the experiment, the subjects were able to ask for assistance if they found any ambiguous or unclear sentences. The subjects could take a break if they wanted, and there was no time limit for test completion. All subjects completed the entire procedure three times. Each speaker 
Results
Acoustic analysis
Phonetic environment of epenthesis
The count of epenthesis in terms of context from the 36
Korean learners of English was made by searching all instances of epenthesis shown during the production test in the training study. In terms of epenthesis context, the results showed that epenthesis production mostly occurred between words, rather than within words. Eleven hundred and forty three occurrences of epenthesis occurred between words, 154 occurrences of epenthesis showed within a word and 118 occurrences of epenthesis were utterance-final following a coda consonant.
Korean subjects produced epenthesis while reading both consonant clusters and cross-morpheme boundaries. Among the epenthesis found within word boundaries, some instances occurred at the coda position (e.g., 'bed /bedɨ/'). The police chased the car) and 28 epentheses between /d/ and /ð/ (e.g., They followed the path). .05). For example, some participants produced many epenthetic vowels despite relatively long lengths of residence. Specifically, k007 reported that he had lived in an English-speaking country for 10 years. However, he produced 85 epenthetic vowels. Yet, k004 reported that she had lived for three months in an English-speaking country but produced only three epenthetic vowels. Therefore, it is plausible that epenthesis production is unrelated to the duration and amount of exposure. Ten English words were shown to create the most orthographic affect for Korean L2 speakers: brushed, dripped, dropped, looked, helped, chased, packed, kicked and used. Interestingly, the count of orthographic epenthesis differed with each word. The count of orthographic epenthesis varied from 2 to 64. The target word brushed most frequently contained an epenthetic vowel, accounting for 48% of the total orthographic epenthesis. Nineteen Korean subjects produced epenthetic vowels when reading brushed. epenthetic vowels in target words were easily affected by a preceding consonant (e.g., /ʃ/ or /s/), but some of them were independent, as well.
Discussion
The present study investigated the acoustic characteristics of epenthetic vowels produced by 36 Korean learners of English.
Two main findings were found. First, most epenthetic vowels have high F1 values and varied F2 values. Second, the count of epenthesis is affected by the environment.
Epenthetic vowels have high F1 and varied F2 values, which has also been found in previous studies. According to the results of previous studies that investigated Korean vowels (Kwak, 1988; Igeta & Arai, 2011) , epenthetic vowels were quite close to the Korean high-mid vowel /ɨ/. The present study confirmed that epenthetic vowels are close to high central or high-front vowels (Lee, 2009) . This study also supported the conclusion that learners of English usually insert the shortest vowels (Dupoux et al., 2011) . Korean learners of English may have inserted an epenthetic vowel that was close to /ɨ/ because this vowel is the shortest vowel among Korean vowels (Koo, 1998) . Normalised mean values of the epenthetic vowels showed that they were distributed between English high-front and back vowels with some overlapping, suggesting that most epenthetic vowels were created near the high central vowels, but some were created more front because of environmental effects. Bayraktaroğlu (2008) showed that Turkish L2 speakers were affected by the English orthographic system, producing production errors including epenthesis.
Therefore, Korean learners of English might also be affected by the different orthographic system.
Despite some limitations, the findings of present study contributed to the understanding vowel epenthesis. First, the study showed that the epenthetic vowels produced by Korean learners of English were close to the high central vowel /ɨ/, confirming the findings of previous studies that epenthetic vowel is quite close to the shortest vowel. Second, the study investigated the various phonetic environments of epenthetic vowels. It helped us to understand that vowel epenthesis occurred more frequently in a certain phonetic circumstances.
BKB sentences used in production test
The house had nine rooms
Children like strawberries A cat sits on the bed
The house had a nice garden
The man tied his scarf
The lorry carried fruit
The lady's making a toy
The girl caught the cold The shoes were very dirty
The lady packed her bag They followed the path They're climbing the tree A boy fell from the window
